The addition of phytase to swine diets has generally increased P digestibility and consequently reduced fecal excretion of P. The comparative effects on P and Ca digestibility of dietary inclusion of 5 different phytases were evaluated in the weaned piglet.
INTRODUCTION
The effects of phytase supplementation on P and Ca excretion and digestibility in different diets with or without mineral P were widely studied since the launch of the fi rst fungal phytase in 1991 (Selle and Ravindran, 2008) . In the last decade, different Escherichia coliderived phytases with structural AA differences were commercialized. More recently, a new microbial 6-phytase produced by synthetic genes, mimicking a gene from Citrobacter braakii, was introduced into the market. The increasing price of inorganic phosphates tends to increase the inclusion levels of phytases to make more phytic P available for animals (Kies et al., 2006) . The present work was to compare the effects of this novel 6-phytase to 2 E. coli-derived phytases on the use of P and Ca at 1 and 1.5 times their recommended feed inclusion levels in weaned piglets.
MATERIALS AND METHODS

Animals, Housing, and Experimental Design
The study was performed at the DSM Nutritional Products Research Centre for Animal Nutrition and Health according to the offi cial French guidelines for experiments with live animals. In total, 112 weaned piglets (28 day old; Redon × Large White) having an initial BW of 9.00 ± 1.05 kg were randomly allotted to 8 equal groups of 14 piglets. Pigs were housed in an environmentally controlled room for each group in subgroups of 2 pens of 7 animals. Each pen had a plastic-coated welded wire fl oor and was equipped with 2 water nipples and 2 stainless-steel feeders. Room temperature, initially 27°C, was lowered weekly by about 2°C until 21 to 22°C, and environment humidity throughout the experiment was 50%.
Diet, Test Compounds, and Feeding
The diet used (Table 1 ) was formulated to provide P exclusively from plant origin and to meet, except for Published January 23, 2015 digestible P supply, the nutrient requirements of pigs (NRC, 1998) . For 29 d, pigs were fed the diet without addition of mineral P [Co(-)] or this diet supplemented with 12 g/kg feed of CaHPO 4 [Co(+)] or with RONOZYME HiPhos M (DSM, Kaiseraugst, Switzerland) at 1000 or 1500 units/ kg, Phyzyme XP10000 TPT (Danisco, Copenhagen, Denmark) at 500 or 750 units/kg, or OptiPhos 2000 PF Pigs had ad libitum access to feed in a mash form. The indigestible marker Cr 2 O 3 was added at 0.4% to all diets to measure apparent total tract digestibility (ATTD).
Sample Collection and Chemical Analyses
The health status was checked daily. Feces were sampled per pen, in approximately the same amount at the same time of the day, during the last 4 d preceding day 29. Therefore, for each dietary treatment, 8 individual determinations of mineral digestibility were performed. All samples of diets and feces were analyzed in duplicate for DM (method 930.15; AOAC Int., 2006), Cr, P, and Ca (method 990.08; AOAC Int., 2006).
Calculations and Statistical Analyses
Using analyzed values, the ATTD, apparent absorption, and excretion of minerals and digestive P equivalence was calculated for the 4-d collection. Data were analyzed by ANOVA using the StatGraphics Centurion XVI statistical software package (Manugistics, Rockville, MD). Pen was the experimental unit. Pen and treatment were used as class variables. Differences between groups were determined by Student-NewmanKeuls multiple range test. The data was presented as means ± SEM, and differences between treatments were P < 0.05.
RESULTS AND DISCUSSION
Analyzed phytase activity in diets matched the planned inclusion level and was under the detection limit in control diets. All piglets stayed healthy and grew normally throughout the experiment and readily consumed their diets.
The mean fecal P concentration of all phytase supplemented piglets was lower (P < 0.05) in a dosedependant effect than that of piglets fed the control diets ( Table 2 ). The ATTD of P was increased (P < 0.05) by all 3 phytases in a dose-dependent manner and by CaHPO 4 supplementation. The digestibility for HiPhos at 1500 units/kg was higher (P < 0.05) than that of both other phytases. Fecal excretion of P was reduced (P < 0.05) by all phytases and increased (P < 0.05) with the CaHPO 4 -fed pigs in comparison those of Co(-). Compared to the Co(-) group, the apparent absorbed P was increased (P < 0.05) in all phytase-and CaHPO 4 - Co(-) = treatment group without mineral P and phytase supplementation; Co(+) = treatment group without phytase supplementation. Within a row, means without a common superscript differ (P < 0.05).
1 Co(-) = treatment group without mineral P and phytase supplementation; Co(+) = treatment group without phytase supplementation; H1000 and H1500 = Co(-) treatment group with HiPhos (DSM, Kaiseraugst, Switzerland) at 1000 and 1500 units/kg supplementation, respectively; P500 and P750 = Co(-) treatment group with Phyzyme (Danisco, Copenhagen, Denmark) at 500 and 750 units/kg supplementation, respectively; O500 and O750 = Co(-) treatment group with supplemented piglets. The digestible P equivalences, considered as extra supplemental P digested compared to the nonsupplemented Co(-) diet, ranged from 0.58 to 1.50 g of full available P/kg feed among supplemental phytases and their doses. Compared to the piglets fed the Co(-) diet, the ATTD of Ca was dose-dependently increased (P < 0.05) in the phytases-supplemented groups whereas the fecal excretion of Ca reduced (P < 0.05) dose dependently.
As it is commonly described, the ATTD of P and Ca of diets supplemented with phytases of microbial origin fed to swine is increased in a dose-dependent manner in comparison to a negative control diet (Yang and Baidoo, 2005; Kies et al., 2006; Guggenbuhl et al., 2007) . This effect was also observed E. coli-derived phytases, although some differences existed in response. The study did not clarify if these differences were related to structural AA differences or their mode of formulation, the main factors that infl uence effi cacy (Selle and Ravindran, 2008) . In piglets, the RONOZYME HiPhos phytase at the 1000 units/kg dosage presented similar effi cacy to the high inclusion level of the E. coli-derived phytases whereas at the 1500 units/kg dosage it increased digestibility of minerals better for a diet without mineral P supplementation.
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